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Process for the disinfection and/or pre<^ervat?oti of harvested plant material 



Tb& pcresent invention is related to a process for the disinfection and/Gor 
prefiervadon of harvested plant material such ajs grass forage used as «mipnl feed: 
5 Fotage is geneiaUy used as animal feed pardcl^ad 

consists for iimance of harvested grasses, cereals, legumes and other plant 
material. In most cases, it is harvested several times per year during the gro^wing 
season and stored for nse as animal feed for \vinier when'£nes^ 
available. Forage is often scored in silos. During storage, micro-organisms may 

10 be active in the $ilO« Hiese micro-organisms can use the forage as nutrients 
breaking it dovm to other products. If this tcdcso-orgaoism activity takes place 
undex annesrobic or low oxygen condilions f enneniation can occur, converting the 
nutrients particularly sugars in the forage to organic acids. Eventually the build- 
up of organic acids and the consequent reduction in pH of tbe forage can itself 

IS reduce or stop the anaerobic micro-organism activity. In this way the forage 

becomes sxLage (fermented forage). This microHorgsnism activity ib&t&Sott is 

.... •. . • 

seJfolimiting and has a {^eservative effect on the animal feed. However, 
conversion of the sugars to acids reduces the nutritional quality of the resulting 
silage to the animals for which it is intended. This is pailiculaxly the case for 
20 cattle who have a ruminative digestive system which xelies significantly on 

internal micro-organism acrivity. Clearly if a propordon of the sugar nutrients in 
the ^TiiTrtai feed are altieady fermented to adds then the ruminative digestion and 
therefore the nutritional value to the cattJe is leducedi Isx addition feanentataon 
and addijScadon of the forage influences desarabllity of .the forage to the 

25 receiving an-imals eg. cattle and consequent feed conversion rates, High levels of 

• • • 

butyric acid in partictdar sie undesicable. 

* . • • • 

Once the forage starts to be taken from storage for use as animal feed, 
surfaces of the forage become esfEposed to aix- md increased oxyg» levels. This . 
can allow growth of aerobic micro-organisms such as bacteria, yeasts and 
30 moulds which can cause a deterioration in the nutritional quality of the forage 
and to its acceptability to cattle. 

Therefore it is importaxxt to have a forage treatment wHch disinfects . 
forage to reduce initial contamination during harvest and abo protects the forage 
from subsequent infection and growth of micro-organisms, both aerobic and ' 
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anaeiobic tbroughout th& storage pedod, mcludix)^ the suGoeptible pedod when 
the forage stojage area is opened to the air to allow its use for feed. 

Forage treatmeBts ti^'^^g f onziic add or its salts axe coimnoxdy iised. 
Another example of known treataient is disclosed in the patent applicadpn 
5 BP 054995 in which calcitim pen^xidc is used to Heat fodder. Tn Ejedey "hiS et al. 
Science, 230 (4727), p. S20-2 (1985), aibydiogen peroxide system is used on 
wbeatstraw« comcobs and coinsrta]ks.'£ithe abstract CAS 120:132757 of the 

reference Diouii M., DissertaliQn, 54 (2), p. 559 (1993), hydrogen peroxide Is 

• * ■ * . 

used in combination wil^ ammonia to treat forage^ 

10 lliepnxposebf the present invention imdes in providing an 

the disinfection and/or preservatLon of harvested plant material which reduces 
jnicro-orgauisms activity, st^pHes oxygen and reduces anaerobic femieatatioiiy 
thereby maintaining a satisfactory nutritional quality of the harvested plant 
jnaterial as animal feed. A further object of the present invention Is i» maintain a. 

15 sufBdCTt desirability or accq>tabili1y to the receiving animals, when the 

harvested plant material is used as ^Tn'mal feed. Another object of the preseat 
invention is. to reduce initial contamination during harvest but also to protect the 
han^ested foxage.&om subsequent infection and growth of znicro-orgamsms 
during storage. 

20 To this end, the present invention is related to a process for the disinfection 

and/or preservation of harvested plant material by contacting the harvested plant 
material with a liquid compodtiQn containing at least one peroxyg^ compound 

« 

and at least one preservative (such as for instance an organic add or a salt 
thereof). 

^ One of the essential features of the present invention is to combine a 

pcroxygen compound witli a jpreservative (such as for instance an organic acid or 
salt). This new combination leads indeed to several benefits such as the animal 
preference for eatmg-plant material treated with this combination compared with 
classical products such aa fdxmic acid Another benefit resides in improved miUc 

30 yield from catfle eating plant material treated by the process of the present 

jn v«nii nn_ Mil anntliftr Twiftfit resides in theieduction of f&rmentation of the ' 
plant Ty>fttftrifli and flieiefoze in a higher nutritional value such as higher sugar 
cont^t. Further benefits are : 

• Control of micro*^ganism activity through disinfection and contribution of 
35 oxygen thereby reducing anaerobic fermentation. 
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• Maintraance of high sugar content of the plant matedal thus achieving better 
digestion and nutritional quality to receiving animals particularly nuninantB • 
and also better appearance of the plant materiail* 

• Pieservation to prevent microbial spoilage on opening plant Tnat^rjifl i storage 

5 or cJanq) to use for feeding, resulting in exposixie of plant matei^ 

surfaces to oxygen to give aerotdc conditions. 
The term "preservative" means a chemical used to prevent biologic' 
decoration of mate ri al s . This typically necessitates persistence of the chemical 
in the material to be protected to provide ongoing biostadc activity. ' 
10 lie temi 'liarvesteii plant xnatBrial" denotes a plant material which has 

been cut fixan its cultivati on site and v^rhich is left on the cultivation site or which 
is being or has lieen transported into a storage site such as a silo or another 
dedicated place in a fenn. The cutting can be done by any appropriate machine 
such as mower, forage harvester or combine harvester, or manually using scyihe 
15 or shears. The treatment can be done on the cut plant noaterial while it is left on 
the cultivation site. Alternatively, the treatment can be done during transport 
from the cultivation site to the storage site. In still Miother variant, the treatment 
can be done dadng loading of the cut plant aaaterial in the storage equipment 
Finally, the treatment can also be done during storage. 

The plant material treated by the process of the present invention can be 
grass eg. lye grass, Timothy grass, Fescues gpass etc.; cereals e,g. maize, wheat, 
barley, triticale, lye, oats etc.; legumes e.g. peas, clovers, lupins; and seeds e.g. 
sunflower seeds. The process of the present invention is advantagebody applied 
to plant materials which are harvested and stored to feed animals when fresh 
food is not available, especially in the wfaater. T^ical exan^iles of such fm^ms;} 
feed are grass, cejreals and legumes. Particulariy good results are obtained with 
grass, also caHed grass forage or fodder. In niost cases, the plant material treated 
by the process of flae present invention is animal feed chosen from harvested • 
grass, cereals, xnaize, wheat, legumes and mixtures tiieieof. 

Hie process of tiie present invention consists Jn contacting the harvestbd 
plant material with a liquid composition, Hiis contacting can be done by any 
appropriate way that allows a TnaxiTnimi contact of the liquid composition wiib 
the cut pieces of th^ plant material. Tt can for instance be done by spraying the 
liquid composition on fiie harvested plant material ac by simply pouring the 
liquid composition onto the harvested plant materiaL Ii is also possible, when a 
large volume of harvested plant mat^al is stored to gather first a small volume 



of harvested plant matenal, contact tbe iqjper surface of tijis volume with the 
liquid composition, add an additional volume of harvested mati>ria i on top» 
contact the upper surface of this additional volume with the liquid composition, 
and so on, until the total voilmDe ifi jreached. 

5 The Hquidcomposidon used in the process of the present inventi 

chosen firom aqueous and non aqueous sdutLons in which the peroxygra 
compound and the organic acid or salt are hoth dissolved. It can also he chosen 
from aqueous and noa aqueous suspenlsions in which the petoxyg^ compound 

and/or the Organic add or salt and/or another addith^ is present in tto 
10 solid paiticles. Aqueous solutions aie preferred. 

Use peroxygen compound used in the process of the present invention.can 
he hydrogen peroxide or any precursor which leads to the fozxnatloa of hydrogen 
peroxide, when dissolved or suspended in the liquid composition* Examples of 
such precursors can be organic peradds> ester pexadds, persalts, metallic 
15 peroxides or zmxtuies hereof . 

Organic peradds can be chosen from those contaimng from 1 to 20 c 
atoms, in particular from 1 to 10 cad)on atoms, and mpne pardculady. firom 1 to 6 
carbon atoms: They can be for instance perfbrmic acid» peracetic acid, 
petoctanolc add, and mixtoies theieof . 
20 Ester peradds can be chosen from those disclosed in the patent 

appKcaiions WO 95/34537, WO 98/28267 and WO 99/67213. They usnaBy have 
the general chemical formula 

R-O-CO-CCH^-CQsH 
where R repxesents an alkyl group having firom 1 to 6, in particular &om 1 to 4« 

25 carbon atoms andx is from 1 to 4. Ihe aUrjA group can be linear or branched. 
Examples of suitable allQrl groups are n- or isopiopyl, andn-, iso- or terdaiy 
butyl. iPteferably R is a methyl group. In many cases, x is 2, 3 or 4. In a • 
particular embodiment, flie liquid cosrposition used in the process of the present 
invention comprises a mixtujoe of ester peradds whesre x is 2, 3 and 4, i.e. a 

30 mixture of flie monoesteis of peiadipic, perglutaric and persucdnic adds. In a 
particularly prefeired embodiment, the major Mcdon of the ester peradds 
present hi the liquid composition has x equal to 3. The most prefej:iced ester 
peradds are the mixtuies comprising monomefliylestBrs of peradipdc, perglutaric 
and persucdnic adds. ' 
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Peisalts can be chosen from sodium perborai^ xDOnohydrate, sodium 
perborate tetrahydrate^ sodium pearcarbonate, sodmm petsolpbate aixd mixcuies * i 
thereof. Sodium percaxbonate is especially prefejored* 

Metallic peroxides can be chosen from caldum pexx)xide, magnesium 
5 peroxidet2±Dcpe3X>^deandxmxtaiestheEeof. 

The most prefen^ed penoxj^gen* compoimds are hydrogen peanoxidc, 
p^acetic acid, and mixtures coix^rising monomethylesteis of peradipic» 

• * * 

per^glutaric and pcisuccinic acids. 

The pdfiservative ttsed in the process of the presexKt iDveixtion can be chosen 

10 £noxD« but is not limited to. the foILowiiig : sodium pbospha[tes, sucrose, sulpU^, 
sodium nitite. sodimn cdacndde, propane-l,2-dioli.fotmjd^ 
Pre&rably, the pieseivative is an organic acid or a salt theieof. The organic acid 
can be chosen finom organic paoducts having at least one -COOH ^coup. They 
contdn s@neiaUy at least 2 catbon at<^, in parties 

15 cases at least 6 carbon atoms. Tliey can coixtain up to 20 carbon atoms^ especially 
up to 16 carbon atoms, in many cases to 12 carbon atoms. Typical samples 
; of suitable organic adds are acetic, octanoic, benzoic, parahydroxybenzoic. 
soibic. ascorbic, dtdc. lactic» malic, iuniaiic» tartaric, propionic^ succinic add, 
ester acids and their salts, or mixtures thereof. Benzoic add gives good results. 

20 In some cases, it is preferred that, when the peroxygen compoimd is hydrogega 
p^xide, &e organic add is diffeisnt fh>m fonxdc add. X'uarth 
pecoxygen compound is pexacetic add, it is possible that the liqpid .composition 
does not only contain acetic add as an organic add but in adffitjpn also ano&er 
organic add. • . ' 

25 The salt of an organic add can be any salt of the above-de^ciibed organic 

adds. Sodium* potassium and caldnm salts are suitable. Sodiuid benzoate gives . 
particularly goodwsults. In a particularly advantageous embodiment of Ibe 
pxeseat inventibn. the peroxygen compound is hydrogen peroxide and the 
organic add or salt is sodium benzoate. 

30 In the process according to the piesent invention, the liquid composition 

contains generally an amount of peroxygen compound of at least 0,5 % wt, in 
particular at least 1 % wt, in most cases at least 5 % wt. The amount of ' 
pcroxygCT compound is usually at most 60 % wt, espedally at njtost 50 % wt, 

very often of at most 40 % xvL When the pexoxyg^ compound ip hydrogen 
35 peroxide, good results axe obtained with H2O3 amounts of finom 5 to 60 % wt, 
typical UzOa amounts bdng about 18 % wt, about 20 % wt and about 35 ® wt. 
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Whesx the pesroxygen compound is peracetic acid, good results ta^ obtained with 
amounts of from 0.5 top 40 % wt, typical amounts being about 1 % wt and about 
5 % wt In geaeraU satisfactoiy results can be obtained ^th aniamount of 
pesroxygen compound of &om 5 to 60 % 
5 £q the process according to the present invention, the liqiSd coxnpositiQn 

•contaias generaDy an amount of pieservative of at least 5 % in pa^ 
least 7 % wt, in most cases at least 10 % wt. The amount of presenraiive is 
us^Iy at most 25 % wt, especially at most 23 % wt, most likely at most 20 % 
wt Good results aie obtained wjfb amounts of pre&eiryative of :bom 5 to 25 % 
10 wt. 

In the particularly advantageous embodiment of the preseat inventioUt .in 
which hydrogen peroxide and sodium benzoate are used, their respective . 
amounts in the £quid consposition are piief^bly &om 12 to 35 % wt of 
hydrogen petoxide and from 10 to 20 % wt of soifium benzoate, 
IS In anpdier embodiment of the present inv^tion the liquid composition, is 

• an aq«eK>iissoliifioxicontain3bagperaceticadd,a^ • 
optionally in combination with an organic acid diffeient from acetic acid. In this 
other ernfoodiment, the amount of pecacelic acid in the liquid cc^position is 
gmerally from 0,5 to 40 % wt of peracetic add 0n particular ftom 1 to 10 % wt), 

20 fioml to 30% wt of hydrogen p^xide (especially from S to 25% wt) and from 

1 to 60 % wt of acetic acid (in some cases from 20 to 55 % wt). In this otheaf 

• erribodimentitisrecomxnBndfidtomeamountsof peracetic add 

so that the molar ratio of acetic acid to peracetic acid is high. For instance this . 
molar ratio can be at least 1, in particular at least 5, values of at least 10 being 
25 most common, ITiis molar ratio is usually at most 200, espedaljy at rnost 100, * . . * 

and very often at most 50. 

In the process of the present iavention« the amounts of perozygen 

compound and organic acid or salt are in general suoh that the nu>lar ratio 

peroxygen compound to oi^ganic acid or salt is at least 0,05, io pazticalar at least 
30 0,1 xatibs of at least 0,2 being prefeared. This wdgjit ratio can hp up to 20, . . 

espedally up to 10 and In most cases to 5. . . I 

In the process of the present invention^ the liquid composiiion is used in an ] 

amount of at least 0.5 1 per tonne of plant matedal* especially at least 0.8 and in 

most cases at least l 1 per tonne of plant material. The amount of liquid 
35 composition is usually ax most 10 1 pesr tonne of plant material, more pardculaiiy 

acmostS andinmanycasesatmost 31 per tonne of plant material. Goodx6solt& 
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are obtained with amounts of liquid compositiaa^ of £roxD 0,5 to 10 1 per loime of 
plant Biatenal, and espedaUy £rom 1 to 3 1 per toime of plant 

In the process of the preseaot invention« it is necomm^ded to use acidic 
liquid ocmpositionfi. Tbe pH of the liquid composition is therefoxe generally at 
5 least 1, in particular atleast 2 and in some cases at least 4. The jpH can 1>e up 
to 7, for instance up to 6.5 and very often up to 6, Good iesulls:are obtained 
• when the liquid coQiposition has apHof&oml to 7. 

The liquid composition used in the process of the present invention can in 
addition contain other products $uch as pcioxygen stabilizers. Suitable stabilizens 
10 indlude hydxozyl substitated aromatic caiboxyHc adds and ester deri 

thexeoCi paiticulady phenol carboxylic acids such as p-hydroxy]3enzQic acid and 
ester dcnvatiVes sucb as meOiyl or ethyl esters. They also include organic 
pol}^hospbonic seguestrants such as ethylldene diphosf^onic add, and 
aininoployxaethylBuephosphomc adds, pyridine carboxylic acids Especially 
15 .dipicolinic add and mixtures thexeof. In addition inorganic stabilizers may be 
used, for exan^le, colloidal tin. They also include mineral acids such as 
sulphuric or nitdc acids. Hiese additional products are usually present in aa 
amowt from 0.02 to 20% wL and in many instances from 0.1 to 10% wt. 
Having described the invention in general tenns^ sfpedfic embodiments 
20 thereof will now be illustraled by way of example only. 

Example 1 . . • 

50 tonnes perennial zye grass was cut and treated by spray application 
• dudng cntdng. Hie KquicJ composition -consisted of 17^ w/w hydrogen peroxide 
and 15% w/w sodium benzoat& Hus was applied at 3 liters liquid composition 
25 per tonne of £:esh grass. A control of untreated grass was used as a comparison, 
The 50 tonnes grass forages were stored in a covered clampL under farm 

« 

conditions for a peziod up to 12 weeks. A wide range of diemic^ and 
microbiplog^cal analyses of ti^Hcate samples fiom the core of flie damp were 
conducted peiiodicaily during the storage period; Selected analyses are shown 
30 in Table 1. Analyses 6-9 in Table 1 demonstrate the reduced fermentation of the 
grass treated with the hyidb'ogra peroxide fozmulaiion compared to the contcQi 
with higher levels of imfermented residual sugars and lower fennentatian levels 
of fecmentation products. 

a 
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tablel 



Analysis of stored grass after 12 
weeks 


Hydrogen Peroside / 
Sodium Benzoate 
formulation * 


Control 


1. Di^^ Matter (%wfw) 




42.4 


2. Crude Ptotein (%)* 


12.0 


12.2 


3. Ash 


8.2 


8.0 


4.pH 


4.5 


4.2 


5. Ammonia - Nitrogea 


1.0 


1.0 


6. Residual Sugar (%)* 


12.4 


7.8 


7,Ethanol(%)* 


0.3 


0.5 


8. Acetic Add (%)« 


<0.1 


1.7- 


9, Total.Volatile Fatty Acids (%)• 


<0.1 


1.7 



*** peiTceaitages aEe 0!ix a dry ixiAlxea: basis 



As Esaiiaple 1 but I3ie liquid coxopositioa applied to the grass consisted of a 
5 pexacetic add fonrmlation with a peracetic add content of I.l%w/w, a hydrogen 
peroxi4e couteat of 0.5% and an acetic add to peracedc add ntolar ratio of * 
1:0.07. The results after S weeks storage are shown in Table Z Analyses 6-10 in 
T^le 2 demonstrate the reduced fenn^tation of die grass Heated with the 
peiacetic add fonnulation coxnpaced to the control with high^ levels of' 
10 . unfeonentedie^dual sugars and lower levels of fennentaiionpto 



Table 2 



Analyses of stored grass after 8 
weeks 


Peracetic Add 
f ormuIaHon 


Control 


1. Jicy Matti^ (%w/w) 


23.1 


20J 


2. Crude Protein (%)* 


13.4 


14.7 


3.Ash(%)* 


2.0 ' 


• 7.7 


4.pH 


4.0 


43 


5- Ammonia -Nitrogen 


1.2 


1-0 


6. Residual Sugar 


3.6 


1.9 


7.EthanoI(%)* 


0.4 


1.2 


8, Acetic Add (%)^ 


4.4 


4.7 


9. Propionic Add (%)* 


0.1 

• 


0.2 


10. Total Volatile Fatty Acids (%)* 


4.5 


4.8 



pexcentages are on a dzy matter basis 



Copy provided by USPTO from the IFW Image Database on 01/03/2005 



Fuidier fazm trials compaied altemative tteatmenis with a hydrogen 
peroxitie (35%w/w) / sodium benzoate (10%w/w) fonnialatioii first cat of 4© 
season grass during Autonm 2000. Results after 4-5 months storage aie shown in 
5 Table 3 for farms with grass of smilar dry matter content and composition, Tlie 
grass 

treated TOlh hydrogen pexoxidft / sodium benzoate fomnlati 
. demonstrates lower anaerobic and deleterious femwitati^ 

• « 

jxiuch higher level of i^doal sugais and lower level of volatile fatty adds. 
Table 3 ' ' , . 



Analysis of stored grass 

V 

* 


Hydvogen peroxide / 
sodium benzoate 
fommlatioD 


' AlfetmtiTe. - 
treatment 


Diy Mailer (%w/w) 


. 353 


33 ; 


Grade Ptotem(%)* 


11 


113 


pa. 


4 


4.3 


Residual Sngar (%)* 


65 


. 1.8 


LaciicAcid(%)* 


7.5 


4 


Volatile Pady Adds (%)* 


2.8 


33 



IQ * percentages are on a dry matter basis " 

• * ■ 

Tb& treatments shown in examples 1 and 2 were also evaluated for flaeir 
aaroHc stabiltty Le. under conditions riqaesenling opening of Jbe clamp to use 
the forage as feed thus allowing aix to enter the clamp. In ttds case comparisons 

15 were made with untreated forage as in examples 1 and 2 and also with forage 
treated with a typical acid product, formic acid (S5%y w) applied at 2.5 liters 
per tonne of grass. 750 g of the forages were stored in insulated boxes placed in a 
controlled envfaonment at 20-22°C. A temperatoxe probe wias pnseited into ^h 
box linked to a data logger to monitor temperature changes hourly over a 6 day 

20 period. Temperature increases' are due io aerobic micro-organism activity and 
hence are an indication of aerobic stability of the forage as a fimction of the 
treatment applied. Results are shown in Table 4. The data sho>vB impcovjBd 
aerobic stability of the hydrogen peroscide and peracetic acid formulations 
compaied to an untieat^ control and corc^aied to a typical add product 
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Table 4 



• 

Forage Xreatment 


Temperatare 
CC) 


Temperature 
CO 


Temperature 
increase ("C) 




DayO 


Day 6 




Untrealj&d Control 


18.6. 




•I- 0.9 


Hycbcogeo Peroxide / 
Sodium Ben^cate 
formulatioii 


18.0 

« 


18.0 


0.0 

• 

ft 


as 'Bxsasplc 1 




■ 
• 




Peracetic Acad f oxznulatioa 


18.2 


18.7 

• 


+ 0S 


aaB}cample2 


* 






Fozxnic Add 


17.8 


20.S 


+2.7 
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* 

CLAIMS 

V 

1 - PcooesG fcx the disiiifectioii and/or preservation of harvesfed plflnt 
xnaifidaL by contacting th& Iiarve&ted plant matciidl with a liquid composition 
contaming at least one peraxygen compound mid at least one preseiva^ ; 

5 2 «- Process according to claim 1 in tvUchtlie harvested plants^ i 

animal feed cbosen from harvested grass* cereals, maize, wheat* legumes and 
mixtmies thexectf, 

3 -Process according to claim lor 2 in wMchtiieperoKygencoanpoiind is • 
chosen from hydrogen peroxide, organic peiadds, ester pexacids, petsalt8» 
. 10 metallic pexosddes or xnixtoxes thereof. 

4 - Process sccording to any one of claims 1 to 3 in whicjb the preservative 
is an organic add or salt thexeof such as acetic. octanoic» benzene, 

parahydroxybenzoiCf sorUc, ascoibip, dtdc» lactic» malic, propionic, sncdnic 
• * • * 

add, ester adds and their salts, of mixtuzes tbea:eof * 

■ 

15 5 - Process according to claims 3 aiod 4 In which the liqntd composition 

contains ftom 5 to 60 % wtof thcpsroxygencompoimdandfixnn5to2S % wt 
of tfaepzBservative^ *' 

* 

6 - Process' according to daim S in whidi the peroxygen icompoimd is 
hydrogen peroxide and the preservativd is sodium b^izoate. 

20 7 - Process according to claim 3 in which the Hquid composition is an 

.aqueous solution containing from 0,3 to 40 % wt of peracetic atnd, &om 1 to . 
30 % wt of hydrogen peroxide and from 1 to 60 % wt of acetic add. 

8 - Process according to any one of claicQS 1 to 7 in whic^ the liquid 
composition is used in an amount of from 0.5 to 10 1 per tonne bf plant rDatedal. • 

25 9 — ]^t>cess according to claim 8 in which the liquid c^mi^osition is used in 

an amount of from I to 3 1 per tonne of plant material. 

10 -Proems acoordbig to any one <tf claims 1 to 9 in which the'liquid 
composition has a pH of from 1 to 7. . 
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